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SECONDARY BATTERY POWER STORAGE forms on the negative electrode to degrade the baitery. It ihe 

(^Y^'l^l^j^ charge/discharge balance is destroyed, Ihe power of the 

lithium battery must be discharged after due consideration of 

-Diis is a continuation of application Ser. No. 08/363372 '-'barge capacity. It is very ^^P°f 

fii 1 looAoKn s baltenes to know the charged capacity. Since the variation or 

niea on Liec. ^.i, ijj^ aoo. - ^j^^ voltage of nickel-metal hydride batteries, as compared 

BACKGROUND OF INVENTION with that of nickel-cadmium batteries, in the final stage of 

charging is obscure, nickel-metal hydride batteries may be 

1- Field of Invention: overcharged causing drying of the electrolyte or increase in 

The present invention relates to a secondary battery jIj^ iniernal pressure and entailing safety problems unless 
electric power storage system and, more particularly, to a nickel-hydrogen batteries are charged after due consider- 
batlery system which is provided with evaluation means of of the discharge capacity. Since the capacity of bat- 
the soundness and the residual power of a battery, the leriesKigreally dependent on temperature, chaining rale and 
distribution of the surplus electric power of a battery, and the dischai^ing rate, the charge and discharge history of halter- 
optimum charge/discharge control of a battery. Most sec- ies must be taken inio account. Charging systems have been 
ondary batteries for automobiles, uninterrupted power sup- " studied with such problems in view. For example, a charging 
pKes and the like have been lead-acid batteries. system disclosed in Japanese Patent Laid-open (Kokai) 

Hie Effusion of electric power storage systems and No.4-308429 charges a battery after detecting the fully 

electric vehicles, and the dtevelopmeni of secondary batteries divschaiged condition of the battery from the end voltage or 

capable of storing electric power in a high energy density time to solve problems due to memory effect, and a charging 

have been strongly desired to meet rising necessity for the " system disck«ed in Japanese Patent Laid-open (Kokai) No. 

leveling of power demand and progressively increasing 61-81139 charges a battery after detecting the fully dis- 

demand for ^obal environmental protection, and the devel- charged condition of the battery from the end voltage or lime 

opment of new batteries has been expected. to prevent overcharge. 

Various kinds of large-capacity secondary batteries Amethodof determining the residual capacity of a battery 

including nickel-cadmium batteries, nickel-metal hydride on the basis of the specific gravity of the electrolyte is 

batteries, lithium batteries and sodiura-sulfur batteries will appKcable only to lead-acid batteries. Although a raetbod of 

come onto the market in the future for various purposes. managing the residual voltage on the basis of the voltage is 

When managing batteries, appropriate charging and dis- effective when applied to lead-acid batteries and lithium 

charging of batteries according to their characteristics are 3^ batteries the voltage of which varies comparatively widely 

essential to securing the soundness and the long life of during charging and discharging, the same is unsuitable for 

batteries. Each battery has specific charge/discharge, apphcation to nickel-cadmium batteries and nickel-metal 

temperature, rate and self-discharge characteristics. These hydride batteries the residual capacity of which cannot be 

characteristics vary from battery to battery. determined on the basis of only the voUage. It is diflScult to 

In view of the convenience of using the battery, the ^5 predict the residual capacity accurately on the basis of 

residual capacity of the ballery must be known as accurately current and temperature or on the basis of time besides on 

as possible. Charging systems, temperature management the basis of voltage under operating condition where dis- 

and methods of determining the residual capacity for each of charge rale changes. When managing the residual capacity 

those batteries have been proposed. There have been known, of a ballery on the basis of measured internal resistance or 

for example, methods of detecting the residual capacity on 40 capacitance, it is difficult to determine whether the increase 

the basis of only voltage (Japanese Patent Laidopen (Kokai) of Ihe internal resistance is due to the deterioration of the 

Nos. 58-85179 and 61-135335), a method of managing the batter>' or whether ihe increase of the internal resistance is 

residual capadty on the basis of voltage and current due to the exhaustion of the battery unless the mode of 

(Japanese Patent Laid-open (Kokai) No. 52-32542), meth- deterioration of the battery is precisely known. The man- 

ods of managing the residual capacity on the basis of current 45 agement of the residual capacity on the basis of integrated 

and time (Japanese Patent Laidopen Nos. 50-2130, current, charging efficiency, discharging efficiency and tem- 

56-26271 and 59-28678), a method of managing the residual perature characteristics allows one to predict the residual 

capacity on the basis of measured capacitance (Japanese capacity considerably accurately, however, it is difficult to 

Patent Laid-open (Kokai) No. 2-301974), a method of determine the residual capacity unless the capacity of the 

managing the residual capacity on the basis of voltage, 50 batler>' is known when the capacity of the battery is reduced 

current and temperature (Japanese Patent Laid-open (Kokai) greatly or the self-discharge of the battery is large. Since the 

No. 2-170372), a method of managing the residual capacity prior art methods of determining the residual capacity of 

on the basis of internal resistance (Japanese Patent Laid- batteries are applicable only to specific batteries, respec- 

open (Kokai) No. 3-163375), a method of managing the tively and hence each battery requires a specific control, 

residual capacity that integrates current and takes charge 55 ITie system proposed to eliminate memory effect 

efficiency, discharge efficiency and temperature charactcris- (Japanese Patent Laid-open (Kokai)No. 4-308429) and the 

tics into consideration (Japanese Patent Laid-open (Kokai) system proposed to prevent overcharge (Japanese Patent 

No. 63-208773), and methods of determining the residual Laid-open (Kokai) No. 61-81139) are intended to suppress 

capacity on the basis of the specific gravity of the electro- the deterioration of a battery and to simplify a charging 

lytic solution (Japanese Patent Laid-open (Kokai) Nos. eo method when the battery is used as the power supply of 

56-24768, 57-88679 and 57-210578). portable apparatuses. Such a charge/discharge control 

lite capacity of a battery is dependent also on the charge method taking the characteristics and the history of batteries 

and discharge history of the battery. For exanople, the has not been proposed. 

capacity of nickel-cadmium batteries and nickel-metal The difference between diurnal power demand and noc- 

hydride batteries decreases due to memory effect if shallow 65 turnal power demand has progressively increased in recent 

discharge and charge are repealed. In lithium batteries, years, and diurnal power demand in summer is approaching 

lithium is accumulated on the positive electrode and material the upper limit of total power generating ability of power 



5,83 

3 

Stations. Power storage techniques are effective means for 
solving problems attributable to the wide daily and seasonal 
variation of power demand. For example, electric power 
storage methods published in Denki Gakkai-shi, Voh 111, 
No. 3, pp. 185-188 (1992) and such install large -capacity 
secondary batteries in a substation to store (lo charge) 
surplus electric power generated in the nighttime and to 
deliver (discharge) the stored power when power demand 
reaches a peak in the daytime. However, nothing is men- 
tioned about concrete means for the maintenance of sound- 
ness of the secondary batteries and the effective use of 
residual power. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a distributed electric power storage system capable 
of maintaining the soundness of secondary batteries and of 
effectively using residual power. 

The present invention provides a secondary battery elec- 
tric power storage system comprising a secondary battery 
connected to a load, and a connection unit capable of toeing 
connected lo a power system and connected to the secondary 
battery and a plurality of loads, characterised by a controller 
for controlling the connection unit according to information 
about the secondary battery and the plurality of loads. 

At least either the plurality of loads or the secondary 
battery is connected to the controller by an information 
transmitting means. A secondary battery eledric power 
storage system comprising: 
a secondary battery connected to a load; 
a detecting device for detecting a residual electric power 

of said secondary battery; 
a connection unit connected to a power source and to said 

secondary battery; 
a control unit connected to said connection unit; and 
a signal line for transmitting information on said load and 
said secondary battery to said control unit, wherein said 
connection unit discharges electric power of said sec- 
ondary battery to said load when said residual electric 
power is larger than a predetermined value and when 
the residual electric power is smaller than the prede- 
termined value, the electric power is discharged to said 
power system or said load through said connection unit, 
prior to charging of said secondary battery. A secondary 
battery electric power storage system, wherein said 
secondary battery is connected lo a plurality of loads, 
and wiring is provided for signaling and for transmit- 
ting information on said loads and said secondary 
battery to said control unit, wherein said connection 
unit distributes electric power of said secondary battery 
among said loads when said residual electric power is 
larger than the predetermined vahic. A secondary bat- 
tery electric power storage system comprising: a sec- 
ondary battery connectable to a load; a connection unit 
conoectable to the secondary battery, said connection 
unit being connectable to a power system and either a 
plurality of loads or a phiraKly of electric power storage 
units a detecting device for detecting a residual electric 
power in the secondary battery; and a control unit for 
controlling the connection unit on the basis of infor- 
mation from the secondary battery and at least one of 
the loads or electric power storage units, wherein 
electrk; power in the secondary battery is discharged to 
at least one of the loads when the residual electric 
power is larger than the predetermined vahie, and the 
residual electric power is discharged to the power 
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system or to at least one of the loads or electric power 
storage units when the residual electric power is 
smaller than the predetermined value, prior to charging 
of the secondary battery. A secondary battery electric 
5 power storage system comprising: a secondary battery 
connected lo a load; a connection unit connectable to 
the secondary battery, saitl connection unit being con- 
nectable to a power system and either a plurality of 
loads or a plurahty of electric power storage units; a 
JO detecting device for detecting a residual electric power 
in the secondary battery; and a c*ontro! unil for con- 
trolling the connection unit on the basis of information 
from the secondary battery and at least one of the loads 
or electric power storage units, wherein electric power 
15 in the secondary batter>' is discharged to at least one of 
the loads when the residual electric power is larger than 
the predetermined value, and the residual electric' 
power is discharged to the power system or to at least 
one of the loads or electric power storage units when 
20 the residual electric power is smaller than the prede- 
termined value, prior lo chaiging of the secondary 
battery. A secondary battery electric power storage 
system, wherein said connection unit is connected lo 
either a plurality of loads or a electric power storage 
25 units, and said signal line for transmitting information 
on either said loads or said electric power storage units 
and said secondary battery to said control unit, wherein 
said connection unit distributes electric power of said 
secondary battery among said either said loads or said 
30 electric power storage units when said residual electric 
power is larger than the predetermined value. 
The secondary battery electric power storage sj'stem is 
characterized by a signal line lo transmit the information 
about the operating condition of the plurality of loads lo the 
35 controller, and a signal line for transmitting information 
about the surplus electric power of the secondary battery to 
the controller- 

'llie secondary battery electric power storage system may 
be provided with at least either a measuring means associ- 
40 ated with the plurality of loads to measure information about 
operating condition or a measuring means associated with 
the secondary battery lo measure information about the 
surplus electric power. The measuring means may be ordi- 
nary measuring means (sensors) suitable for the purpose of 
45 measurement. 

The secondary battery electric power storage system is 
characterized also by the connection of a plurality of electric 
power storage units to the connection unil, and the connec- 
tion of the plurality of electric power storage units and the 
50 controller by an information transmitting means. 

The plurality of electric power storage units may be 
provided with a measuring means for measuring the condi- 
tion of power storage. The n>casuring means may be an 
ordinary measuring means (sensor) suitable for the purpose 
55 of measurement. 

The present invention is applicable to, for example, the 
secondary batteries of electric vehicles, the second batteries 
of hotwaler supply systems, secondary batteries for 
illumination, secondary batteries for air-conditioning 
60 systems, buildings, factories, apartment houses, cities and 
general residential buildings provided with power supply 
facilities, such as emergency power supplies, and transport 
facilities using electric power. 

Desirably, the controller is provided with a clock or a 
65 timer. 

The present invention provides also a secondary battery 
electric power storage system comprising a secondary bai- 
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tery consected to loads» and a conneclioB unit capable of ies and Hthium batteries, cm- any combinalion of these 

being connected to a power system, and connected to the secondary batteries. The secondary battery is provided with 

secondary battery and at least either a plurality of loads or a storage device capable of storing at least the measured data 

a plurality of electric power slorage units, characterized in and the arithmetic programs. 

that a load to which power is to be fed and the capacity arc 5 The plurahty of electric power storage units arc at least a 

selected on the basis of information about the secondary pluraHiy of secondary batteries* such as lead-acid batteries, 

battery, the plurality of loads and the plurality of electric nickel-cadmium batteries, nickel-metal hydride batteries or 

power storage units, and the surplus electric power remain- iiihimn batteries, a plurality of heat slorage and heat 

ing in the secondary battery after teeding the power stored exchanger systems, a plurality of superconducting type 

in the secondary battery to the loads is fed to the selected jo electric power storage systems, or any combinations of these 

load. batteries and electric power slorage systems. 

A load to which electric power is to be fed and the The connection unit is provided with an ac-dc conversion 

capadiy are selected on the basis of at least one of infor- means and a switching means. The ac-dc conversion means, 

mation about the surplus electric power of the secondary such as a thyristor, enables the control of power factor, 'llie 

battery, information about the operating condition of the 15 switching means switches circuits connecting the power 

plurality of loads and information about the power slorage system to the secondary battery, the plurality of loads and 

condition of the electric power storage units, and power is the plurality of electric power storage units depending on the 

fed to the selected load. operating condition of the surrounding loads. When 

The electric power storage system of the present invention necessary, the secondary battery electric power slorage 

may employ the following secondary battery electric power 20 system is provided with a power measuring means for 

storage system for controlling the power system or opera- measuring the amount of power fed or received through the 

tions for charging and discharging electric power stored in connection unit, such as a measuring means for measuring 

a secondary battery and a plurality of electric power slorage the amount of charged electric power and the amount of 

units. discharged electric power, and an information transmitting 

The present invention provides an electric power storage 25 means for transmitting the measured data to the controller 

system comprising a connection unit connectable to a power for controlling the connection unit. The secondary battery or 

system, and connected to at least either a plurality of loads the plurality of electric power storage units may be provided 

or a plurality of electric power storage units, a controller for with a measuring means for measuring the amount of 

controlling the connection unit, and a connecting means for charged electric power and that of discharged eleciric power, 

connecting a secondary battery, characterized in that the 30 The means for measuring the amount of charged electric 

controller controls the connection unit on the basis of power and that of discharged electric power is a sensor, such 

information from at least one of the plurality of loads, the as an ammeter voltmeter or a Coulomb meter, 

plurality of eleciric power slorage units and the connecting The controller for controlling the connection unit is 

means. capable of .selecting a load to which the .secondary batieiy 

The secondary battery electric power storage system is 35 and the electric power storage units feed power on the basis 

characterized also by an information transmitting means of information about the amount of the surplus electric 

interposed between at least one of the plurality of loads, the power of the secondary battery, operating condition of the 

phrality of electric power storage units and flie connecting plurality of loads and the power storage condition of the 

meaiK, and the controller. A secondary battery is connected plurality of electric power storage units. The secondary 

for charging and discHharging to the secondary battery power 40 battery power slorage system may be provided with a 

storage system to use power eiOfectively. calculating means for calculating the amount of charged 

At least one of the plurality of loads, the plurality of electric power and that of discharged electric power on the 

electric power storage units and the connecting means is basis of information from the secondary battery, the plurality 

provided with measuring means for measuring various ofloads and the plurality of electric power slorage units and 

values, associated with the information transmitting means. 45 with a memorizing means. 

The information transmitting means transmits information The information about the operating condition of the 

measured by the measuring means. plurality of loads is information about power necessary for 

The secondary battery to be employed in the present operating the plurality ofloads or the current power demand 

invention is provided with a measuring means for measuring of the plurality of loads. Preferably, information about 

the amount of electric power charged in the secondary so scfaedtiled operating time and such is used, 

battery and the amount ofelectric power discharged from the The infonnation transmitting means is> for example, a 

secondary battery, and a computer that calculates the signal line, information may be transmitted by means of 

residual power of the secondary battery. radiowaves. 

More concretely, the secondary battery electric power The information about the surplus electric power is, for 

storage system is provided with a measuring means for 55 example, a measured amount of surplus electric power, data 

measuring the condition of the secondary battery, and a on optimum charge and discbarge characteristics (charge 

computer provided with a memory capable of storing mea- and discharge modes) and the charge and discbarge history 

sured data measured by the measuring means, arithmetic of the secondary battery. 

programs and information including data on the character- The plurality of loads has at least one load, and the 

istics of the secondary battery, and a controller for process- m plurality of electric power storage units has at least one 

ing the information stored in the memory and information electric power storage unit. 

given thereto from external devices, and it is desirable that A secondary battery electric power storage system in 
the information stored in the secondary battery can be accordance with the present invention comprises a second- 
transmitted by the information transmitting means. ary battery mounted on a load, such as an eleciric vehicle, a 
The sec*ondary battery to be used by the present invention 65 connection imil capable of being connected to a power 
is at least one of secondary batteries including lead-acid system, such as a charge stand, and connected lo the 
batteries, nickel-cadmium batteries, nickel hydrogen batter- secondary battery, a phirality of electric power stc»*age units 
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capable of being connecled lo the power system, and con- raKty of electric power storage units, the plurality of loads 

nected through the connection unit in parallel to the sec- connected to the plurality of electric power stcffage units and 

ondary battery, a plurality of loads connected to the plurality the pluraHty of loads connected to the connection unit in day 

ofelectric power slorage'unil, a plurality of loads connected period rale hours. Inexpensive eight period rale electric 

to the connection unit. 5 power can be stored and used, and then the stored electric 

llie connection unit capable of being connected to the power can be sold through the connection unit that can be 

power system may be connected to the secondary battery, connected to the secondary battery to consumers in day. 

the plurality of loads and the plurality of electric power When selling the stored electric power, it is preferable to 

storage units, determine the power demand of the plurality of loads on the 

The present invention is capable of controlling charge and JO basis of information about operating condition received 

discharge of the plurality of loads, the plurality of electric from a plurality of electric power storage units or the 

power storage units and the secondary battery on the basis plurality of loads by the controller connecled to the conncc- 

of information from the plurality of loads, the plurality of tion unit connected to the secondary batteries, to select a 

electric power storage units and the secondary battery. load to which electric power is to be fed, taking into 

Concretely, necessary power can be measured by a power 35 consideration the available power capacity of the secondary 
measuring means on the basis of the operating condition of batier>', and to feed the surplus electric power of the see- 
the plurality of loads. The surplus electric power of the ondary battery through the connection unit to the selected 
secondary battery, the power storage condition of the plu- load. 

rality of electric power storage units, and the discharge ITie soundness and the original power capacity of the 

characteristic and the available capacity of the battery are 20 battery can be known by discharging the surplus electric 

determined, a load to which power is to be fed is selected power. The original power capacity of the battery can be 

from among the plurality of loads or the plurality of electric known from charged capacity after discharge of nearly 

power storage units, and the surplus electric power can be 100% of the full capacity of the battery (nearly exhausted 

fed through the connection unit to the selected load. state). It is desirable, if possible, to know the capadty of the 

Naturally, power may be stored in the electric power 25 battery every lime the battery is discharged or charged to 

storage units and then power may be fed from the electric know the soundness of the battery. 

power storage units to the plurality of loads. Desirably, the secondary battery employed in the present 

Hius the surplus electric power can be eifeclively distrib- invention is provided with, for example, measuring means 

uled and the residual power can be discharged after deter- (sensors) for acqm'ring data, an A/T) converter for convening 

mining the amount of available power from the residual 30 the data acquired by the measuring means and giving the 

power. Therefore, the soundness of the battery can be converted data to a computer, a memory storing data on the 

secured and discharge control can be e£5ciently carried out. charge and discharge history, arithmetic programs, an indi- 

When charging the secondary battery, the residual capac- cation program and data on the standard characteristics, and 

ity of the secondary battery is determined before chaining, a controller for processing the information stored in the 

and whether the secondary battery is to be charged or 35 memory and information placed into the memory by exler- 

wbether the secondary battery is discharged is determined nal devices, lliese components may be integrally combined 

on the basis the residual capacity of the secondary battery. with the battery. 

The intrinsic optimum charge and discharge characleris- For example, the arithmetic programs and the indication 

tics of the secondary battery, and the power demand of the program are an arithmetic program defining a procedure for 

plurality of loads or the power storage condition of the 40 determining discharged capacity by integrating discharge 

plurality of electric power storage units are measured and a current, an arithmetic program defining a procedure for 

toad to which power is to be fed is selected. When the determining charged capacity by integrating charge current, 

plurality of loads has a ptorality of loads, it is preferable to an arithmetic program defining a procedure for determining 

measure the power demand of each load. When the plurality converted chaiged capacity, i.e., available capacity under a 

of electric power storage units has a plurality of electric 45 discharge rate and a temperature condition at the time when 

power storage units, it is preferable to determine the power discharge cunent data ss received from the discharge effi- 

slorage condition of each electric power storage unit. ciency and the temperature characteristic, deteraiined by 

FtMT example, a load to which power is to be fed and the converting charged capacity in a real-time mode, an arith- 

amount of power to be fed are determined selectively after metic program defining a procedure for determining surplus 

examimngpow^r demand to see if the power demand can be 50 electric power discharged capacity by integrating surplus 

supplied by the secondary battery and to see if the output electric power discharge current data, and an indication 

current density (large-current discharge or small-current program defining a procedure for indicating the surplus 

discharge) is appropriate to the secondary battery, and then electric power discharged capacity determined by the pro- 

the connection unit connects the secondary battery to the cedure defined by the arithmetic program, 

selected load to feed power to the latter by orders of 55 Discharge current data, discbarge voltage data and dis- 

controller. charge temperature data on the discharge history, are roea- 

When the timer is used, the soundness of the battery can sured by measuring means (sensors) when the secondary 

be secured and electric power can be efficiently used by battery feeds electric power to the loads, and the measured 

accumulating electric power in night period rate hours in the data are transferred through an A/D converter to a computer 

night and using the accumulated electric power in the 60 provided with a memory and a controller. Charging current 

daytime. data, charge voltage data and charge temperature data on the 

More concretely, for example, the secondary battery is charge history, are measured when the secondary battery is 

charged through the connection unit with electric power charged with electric power through the connection unit 
during night period rate hours, the surplus electric power of connecled to the secondary battery in the night, and the 

the secondary battery is fed (discharged) to the connection 65 measured data are transferred through the A/D converter to 

unit connected lo the secondary battery, and electric power the computer. Surplus electric power discharge c*urrent data, 

is fed (discharged) through the connection unit to the plu- surplus electric power discharge voltage data and surplus 
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electric power discharge temperature or surplus electric current data and the surplus eleclric power discharge capac- 
power discharge history, are measured by sensors when the ity can be indicated. Since the surplus electnc power dis- 
secondary battery discbarges suiplus electric power through charge capacity is selling eleclric energy for sale, the surplus 
the connection unit connected to the secondary battery, and electric power discharge capacity is transferred to the con- 
the measured data are transferred through the A/D converter 5 nection unit connected to the secondary battery and the 
to the computer. ITie soundness of the battery can be known power system, the plurality of electric power storage units or 
from those measured data. A discharged capacity discharged ^jje plurality of loads. Preferably the connection unit is 
lo the loads and a surplus electric power discharged capacity capable of measuring and indicating the capacity, 
discharged to the connection unit can be known from the ^ desirable to discharge the surplus electric power from 
discharge current data and the surplus electric power dis- secondary battery in a mode conforming to optimum 
charge current, and the discharge operation of the secondary ^is^^barge conditions for the secondary battery lo secure the 
battery can be controlled so that the battery may not be j^y^dness of the secondary battery and to extend the cycle 
discharged lo a voltage below the final discharge voltage, secondary battery. It is preferable to discharge the 
ix.sothatthesecondarybatlerymaynotbeoverd^^^^ surplus electric power from the secondary battery in con- 
bv usina the discharge voltage data and the surplus electnc ^"'i'^"^ f ^ ^^^^ ^, ' ^ :„ tK^ 
pov^rdischarge voltage data^TTiechargedcap^^ ^5 formance with optimum discharge conditions stored in he 
into the secondary battery can be knoln from the charge memory when the surplus electnc power ,sd^^^^^^^^ 
currenldala-Theincreaseofthevoltageofahthiumbattery connection umt connected to the secondary battery and 
I: ' 10 its final charge vohage can be known from the charge connectable to the power system. The optimum charge and 
voltage data and hence the overcharge of the lithium battery discharge conditions are pieces of information about a 
p can be prevented. The final charge voltage of a nickel- 20 discharge method specifying, for example, at least one of 
1*1 cadmium battery can be known from the variation of the maximum discharge capacity, discharge current, discharge 
|S voltage in the final stage of charging operation and hence voltage, discharge lime and a lower limit voltage. More 
^ charging can be terminated before the nickei-t^dmium bat- concretely, discharging conditions as battery characteristic 
1^1 tery is overcharged. data including discharge modes, such as a constant-current 
ij/r Unlike a nidcel-cadmium battery, a nickel-metal hydride 25 discharge mode, a constant-voltage discharge mode, a pulse 
^ battery has a small voltage variation in the final stage of discharge mode and combinations of those discharge modes, 
III charging. Therefore, it is desirable to take temperature an optimum current, an optimum voltage, and discharge 
%i variation into consideration in addition to voltage variation cutting mode, such as a lime-cut mode and a voUage-cul 
in determining the time to stop charging to prevent over- mode, is stored beforehand in the memory. Charging infor- 
charge. As regards other kin& of batteries, abnormal rise of so mation j^ecifying charging conditions similar to the dis- 
12 temperature is an indication of the abnormal condition of the charging conditions are used for charging. If even one of the 
lii batteries. Since charging efBciency and discharging effi- batteries of a battery set is deteriorated, the deteriorated 
'f;t ciency are dependent on temperature, it is preferable to use battery will be overdischarged and the cycle life of the same 
fci temperature data in correcting charged capacity and dis- is shorted significantly. It is desirable to use a control 
m charged capacity because charged capacity and discharged 35 method determined by taking into consideration the type the 
capacity are dependent on temperature. " scale and the security of the battery to execute time-cut or 
Desirably, the aforesaid data are coaected for charging voltage-cut on the basis of monitored voltage variation. 
flJ rate, discharging rate and lemperanire. The standard char- The available discharge capacity that can be discharged m 
acteristic data, such as the inherent charging efficiency, the future (next) discharge cycle and the cycle Ufe of the 
dischargingefficiency and temperature characteristic, of the 40 secxjndary battery can be estimated from the past charge 
secondary batterv are stored in the memory. The charge capacities of the secondary battery and the mode of change 
current data and the discha^e current data given to the A/D of chargpd capacity. Causes of reduction of the capacity of 
converter are integrated to determine charged capacity and the secondary battery, such as the exhaustion of the 
discharged capacity- The charged capacity is converted in a electrolyte, the deterioration ofthe positive electrode and the 
real-time mode into a converted charged capacity, i.e., a 45 deterioration of the negative electrode, can be determined 
capacity available at the discharge rate and under the tem- from the mode of reduction of the capacity. Overdischarge 
perature condition at the time when the discharge current of the battery can be prevented by determining the available 
data is obtained, on the basis of the charging efSciency, the disdiarge capacity and the possibte discharge time of the 
discharging effidency and the temperature characteristic battery and dischaiging the surplus power accordingjy. 
stored in the memory. The discharged capacity is subtracted 50 Similarly, the secondary battery is charged in a mode 
from the converted charged capacity determined in the conforming to the optimum charge conditions stored in the 
real-time mode to determine a residual capadty. Thus, the memory when charging the secondary battery through the 
residual capacity at the cunrent temperature and at the connection unit at night, in which overcharge of the sec- 
current discharge rate can be indicated. For example, since ondary battery can be prevented by determining the avail- 
the possible distance of travel of an electric vehicle is 55 able discharge capacity and the possible discharge time, and 
dependent on the condition of the road, namely, the possible charging the secondary battery accordingly, 
distance of travel along a downhill is longer than that along It is dearabie to determine beforehand surplus electric 
an uphill, the possible distance of travel can be estimated on power discharge hours. For example, the discharge of the 
the basis of the discharging efficiency according to the surplus electric power is interrupted when the surplus elec- 
condition of the road, and the estimated possible distance of 60 trie power is not discharged completely. The charge capacity 
travel can be indicated. determined in the preceding charge cycle is used as charge 
Since the discharging efiSciency is dependent on tempera- capacity. Preferably, the surplus electric power discharge 
ture and is subject lo seasonal variation, a possible distance capacity is determined on the basis of the residual capacity, 
of travel determined by taking into consideration the tem- taking into consideration the type of the battery to secure the 
perature characteristic can be indicated. 65 soundness of the battery. For exaniple, since a nickel- 
Surplus electric power discharge capacity can be deter- cadmium battery and a nickel-metal hydride battery are 
mined by integrating the surplus electric power discharge subject to large self-discharge and have a memory cfiFeci, it 
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is preferable lo discharge 95% to 100% of a discharge 
capacity in a mode conforming to optimum discharge con- 
ditions revised for the future available discharge capacity of 
the batteries when the residual capacity is in the range of 0% 
to 85% of the charge capacity. When the residual capacity is 5 
85% or above of the charge capacity, it is better not to 
discharge the surplus electric power, llius, charging and 
discharging are simplified and the memory effect can be 
prevented. Since a liihium battery or the like is subject lo a 
comparatively small self-discharge and the cycle life of a 
lithium battery or the like is reduced when the same is 
discharged deep, it is desirable to discharge the surplus 
electric power corresponding to 80% lo 95% of the dis- 
cbarge capacity in a mode conforming to optimum discharge 
conditions revised for the available discharge capacity of the 
battery, when the residual capacity is in the range of 5% to 
80% of the charge capacity. When the residual capacity is 
less than 5% of the charge capacity, it is better not to 
discbarge the surplus electric power because further dis- 
charge reduces the cycle lite of the battery. When the 
residual capacity is 80% or above of the charge capacity, it 
is desirable not to discharge the surplus electric power lo 
simplify charging and discharging. 

The whole capacity of battery can be known at every 
discharge and the residual capacity of the battery can be 
accurately determined when the surplus electric power is 
discharged with the performance of the battery being taking 
into consideration. The cycle life of the battery and the 
future capacity of the battery can be estimated from the 
whole capacity of the battery and the residual capacity. 
Accordingly, charge/discharge control can be carried out 
according to the change of the performance of the battery 
and thereby the soundness of the battery is enhanced. 

Charging of the battery with the inexpensive night period 
rate electric power in the nighttime and using the surplus 
eledric power in the daytime are economically advanta- 
geous. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 3 is a block diagram of a secondary battery electric 
power storage system in accordance with the present inven- 
tion; 

FIG. 2 is a block diagram of a secondary battery electric 
power storage system in accordance with the present inven- 
tion; 

FIG. 3 is a block diagram of a secondary battery electric 
power storage system in accordance with the present inven- 
tion; 

FIG. 4 is a block diagram of a secondary battery electric 
power storage system in accordance with the present inven- 
tion; 

FIG. 5 is a flow chart of a procedure for controlling a 
secondary battery, in accordance with the present invention; 

FIG. 6 is a graph showing the charge/discharge cycle 
characteristics of secondary batteries in a second embodi- 
ment according to the present invention; 

FIG. 7 is a graph comparatively showing residual capacity 
indications and actual residual capacities in the second 
cmbodimcni according to the present invention; 

FIG. 8 is a graph showing the charge/discharge cycles of 
secondary batteries in a third embodiment according to the 
present invention; 

FIG. 9 is a graph comparatively showing residual capacity 
indications and residual capacities in a comparative example 
1; and 
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FIG. 10 is a graph showing the charge/discharge cycle 
characteristics of secondary batteries in the comparative 
example 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention win be 
described in detail hereinafter. 
The embodiments are illustrative and not restrictive. 
First Embodiment 

FIG. 1 shows a secondary battery electric power storage 
system in a first embodiment according to the present 
invention. Although the first embodiment is one of the best 
modes for carryii^ out the invention, the present invention 
is not fimited thereto. Referring to FIG. 1, a secondary 
battery load 1, and a connection unit 2 conneciable to a 
power system are connected lo a secondary battery 3. A 
plurality of electric power storage units 4 are placed in 
parallel combination with the connectic»i unit 2 competed to 
a power supply system. A plurality of loads 5 are connected 
lo the charge/discharge unit 2 or the electric power storage 
units 4, A signal line 30 indicated by broken lines, is 
connected to a controller 7 included in the connection ttnit 
2. Detecting device 40 detects residual electric power in the 
secondary battery. 

When necessary, the secondary battery electric power 
storage system is provided with a means, not shown in FIGS. 
1 to 4, for supplying electric power directly from the power 
,.Q supply system to the loads 5 or the electric power storage 
units 4, bypassing the connection unit 2. When the second- 
ary battery electric power storage system is provided with 
such a means, it is desirable that the secondary battery 
electric power storage system is provided with a signal line 
35 for transmitting signals representing measured values, such 
as the amount of electric power used to the controller 7 of 
the connection unit 2. Amounts of electric power applied to 
and delivered from the secondary battery 3 and the electric 
power storage units 4 are measured by measuring devices 
4Q and measured data is sent through the signal line to the 
controller 7 of the connection unit 2. 

The secoBdary battery 3, the electric power storage units 
4 and the loads 5 are provided with sensors (measuring 
means). 

45 First the secondary battery 3 is connected to the charge/ 
discharge unit 2 to charge the secondary battery 3 with night 
period rate electric power. After the secondary battery has 
been charged, the secondary battery 3 is connected to the 
secondary battery load 1 to discharge the secondary battery 
50 3. After discharging, the secondary battery 3 is disconnected 
from the secondary load 1 and connected to the connection 
unit 2 to discharge the surplus electric power of the second- 
ary batter 3 in the day period rate hours. A controller 6 
inchided in the secondary battery 3 controls the secondary 
55 battery 3 for discharging the surplus electric power remain- 
ing after charging the secorKlaiy battery load 1, i.e., the 
residual capacity in a mode conforming to optimum dis- 
charging conditions in the day period rale hours. The dis- 
charge of the surplus electric power is stopped in the night 
60 period rate hours and the secondary battery is charged. In 
this state, the charge capacity does not correspond lo the 
capacity of the battery because the battery has the residual 
capacity. Therefore, the charge capacity used in the preced- 
ing charge cycle is used as the charge capacity to be taken 
65 into consideration in indicating the residual capacity. The 
controller 7 of connection unit 2 measures the amounts 
of electric power required by the electric power storage units 
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4 or the loads 5, selects the electric power storage unit or the 
load and controls the secondary battery 3 lo supply the 
surpbs clcciric power to the selected electric power storage 
unit or the load. 

MG. 2 shows an embodiment of the present invention. In 5 
this cmbodimem, a secondary balicry load 1, and a connec- 
tion unit 2 connectable to a power system are connected to 
a secondary battery 3, and electric power storage units 4 are 
placed in parallel combination with the connection unit 2. 

FIG. 3 shows an embodiment of the present invention. In jq 
tliis embodiment, a secondary battery load 1 and a connec- 
tion nnit 2 connectable to a power system are connected to 
a secondary battery 3, and loads 5 are connected to the 
connection unit 2. FIG. 4 shows an embodiment of the 
present invention. In this embodiment, a secondary battery 
load 1 and a connection unit 2 connectable to a power 
system are connected to a secondary battery 3, and series 
circuits each of an electric power storage unit 4 and a load 

5 are placed in parallel connecticHi with the connection unit 

2- 

Second Embodiment 

FIG. 5 is a flow chart of a control procedure to be carried 
out by the controllers 6 of ibe secondary batteries 3 of FIGS. 
1 to 4. The control procedure will he described hereinafter 
with reference to I KiS. 1 to 5. 'Vht secondary battery 3 is ^5 
provided with the controller 6, an AID converter 8 and a 
memory 9. The memory 9 is capable of storing standard 
characteristic data on the intrinsic characteristics of the 
secondary battery 3 including charging efficiency 10, dis- 
charging efficiency 11, temperature characteristics 12 and 3^ 
optimum charge and discharge conditions 13. The optimum 
charge and discharge conditions 13 specify charge and 
discharge modes, such as a const anl -current charge mode, 
constant discharge mode, a constant -voltage discharge mode 
and a constant-voltage discharge mode, currents and ,5 
voltages, cut voltages, charge capacities, discharge 
capacities, charge times and discharge times. 

When the secondary battery 3 is connected to the charge/ 
discharge unit 2 for charging, the secondary battery 3 is 
controlled for charging according to the optimum charge 4Q 
conditions. At every charge cycle, an A/D converter receives 
charge operation data including charge current data 14, 
charge voltage data 15 and charge temperature data 16. The 
charge voltage data 15 is ncccssar>' for terminating charging 
at a cut voltage. I'he charge temperature data 16 is used for 45 
detecting the final charge stage for a nickel-metal hydride 
battery. The temperature data 15 is used also for detecting 
the abnormal condition of the battery when the temperature 
of the battery rises abnormally. The charge current data 14 
is integrated to obtain a charged capacity. 50 

When the secondary battery 3 is connected to the sec- 
ondary battery load 1 and electric power stored in the 
secondary battery 3 is discharged into the secondary battery 
load I , the AfD converter H receives discharge operation data 
including discharge current data 17, discharge voltage data 55 
18 and discharge temperature data 19. The discharge voltage 
data IS is necessary for terminating discharge at a cut 
voltage. The dischaige current data 17 is integrated to obtain 
a discharged capacity. The discharged capacity is converted 
in a real-time mode for a discharging rale and a teroperature 60 
represented by the discharge temperature data 19 into an 
available discharge capacity, i.e., converted charge capacity, 
for determining a residual capacity. The residual capacity is 
obtained by subtracting the discharged capacity from the 
converted charge capacity. 65 

When the secondary battery 3 is connected lo the con- 
nection unit 2 to discharge the surplus electric power, the 
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discharge operation of the secondary battery 3 is controlled 
according to the optimum charge and discharge conditions 
13. At every surplus electric power discharging operation, 
the A'l) converter 8 receives surplus electric power dis- 
charge operation data including surplus electric power dis- 
charge current data 20, surplus electric power discharge 
voltage data 21 and surplus electric power temperature data 
22- The surplus electric power discharge current data 20 is 
integrated to obtain a surplus electric power discharge 
capacity, and the surplus electric power discharge capacity is 
indicated. The surplus electric power discharge capacity can 
be transferred through the connection unit 2 to the electric 
power storage units 4 and the loads 5. When selling the 
surplus electric power, il is preferable to indicate an amount 
of money corresponding to the surplus electric power when 
necessary. 

FIG. 6 shows the charge and discharge cycle character- 
istics of secondary batteries and FIG. 7 shows the variation 
of the difference between residual capacity indication and 
actual residual capacity with the number of charge and 
discharge cycles. The capacities of a lead-acid battery B, a 
nickel-cadmium battery D, a nickel-hydrogen battery A and 
lithium battery E decrease shghtly as the number of charge 
and discharge cycles increases, and the possible numbers of 
charge and discharge cycles for those batteries are not less 
than 1000. The difference between the residual capacity 
indication and the acmal residual capacity is very small. 
Third Embodiment 

When a secondary battery 3 is a mckel-cadmium battery 
or a nickel-meta! hydride battery, a controller 6 controls the 
secondary battery 3 for discharging so that 95% to 100% of 
a discharge capacity corresponding to an available discharge 
capacity is discharged in a mode conforming to optimum 
discharge conditions when the residual capacity is 0 to 85% 
of the charge capacity of the secondary battery 3. 

If the residual capacity is 85% or above of the charge 
capacity, surplus electric power discharge is not performed. 
When the secondary battery 3 is a hthium battery, the 
controller 6 controls the secondary battery 3 so that 80% to 
95% of a discharge capacity corresponding to an available 
discharge capacity is discharged in a mode conforming to 
optimum discharge conditions when the residual capacity is 
5% to 80% of the charge capacity. When the residual 
capacity is 5% or below of the charge capacity, surplus 
electric power discharge is not performed. When the residual 
capacity is 80% or above of the charge capacity, surplus 
electric power discharge is not performed. 

FIG. 8 shows the charge and discharge cycle character- 
istics of batteries under the control operation of the control- 
ler. The capacities of a nickel-cadmitmi battery, a nickel- 
metal hydride battery and a lithium battery decrease scarcely 
as the number of charge and discharge cycles increases. The 
possible numbers of charge and discharge cycles for those 
batteries are not less than 1200. 

COMPARATIVE EXAMPLE 1 

In a secondary battery electric power storage system in a 
comparative example 1, a secondary battery load 1 and a 
connection unit 2 are connected to a secondary battery 3. 
The secondary battery 3 is connected to the connection unit 
2 and the secondary battery 3 is charged with nigh! period 
rate electric power. ITien, the secondary battery 3 is con- 
nected to the secondary battery load 1 and the electric power 
stored in the secondary battery 3 is discharged into the 
seL*ondary battery load 1. After discharging, the secondary 
battery 3 is disconnected from the secondary battery load 1 



